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1. Experiment procedures 

All reactions were performed in oven-dried microwave vials (10 mL) containing a Teflon-coated stirrer 

bar and a septum under an argon atmosphere. All microwave irradiation experiments were carried out in a 

CEM-Discover
®

LabMate mono-mode microwave apparatus equipped with an IntelliVent
TM

 pressure 

control system and a vertically-focused IR temperature sensor. The reaction was monitored with CEM’s 

ChemDriver
TM

 software. After the irradiation period, the reaction vessel was cooled rapidly (60-120 sec) 

to ambient temperature by air jet cooling. Dry solvents were distilled prior to use: DMF was dried over 

microwave-dried molecular sieve; Petroleum ether refers to the fraction with boiling point in the range 60 

– 90 °C. All 
1
H NMR and 

13
C NMR spectra were measured in CDCl3 or d6-DMSO with TMS as the 

internal standard. Chemical shifts are expressed in ppm and J values are given in Hz. Melting points are 

uncorrected. 

General Procedure: 
1.1 Tandem reaction of 3-(1-Alkynyl) chromones1 and 2-phenylacetonitrile compounds to 

Functionalized Xanthones 3aa-af and 3bb-3bi 

 

 

A typical procedure for the preparation of 3aa: To a solution of 2-phenylacetonitrile 2a (0. 2 mmol) in dry 

DMF (1 mL) was added DBU (0.1 mL, 0.6 mmol) at room temperature under nitrogen atmosphere. After 

stirring for 5 min, compound 1a (50 mg, 0.2 mmol) was added and the resulting dark red solution was 

irradiated for 10 min at 90 °C (monitored by TLC). The mixture was extracted with ethyl acetate (10 

mL×3). The combined organic layers were washed with brine( 10 mL), dried over anhydrous Na2SO4 , 

filtered and concentrated to give the crude product, which was further purified by column 

chromatography (petroleum ether/ethyl acetate 8:1) to afford compound 3aa as a white solid  (66 mg, 

90%). 

1.2 General Procedure of Tandem Reaction of 2-methyl-3-(1-Alkynyl) chromones and 2b to 

Amino-substituted Xanthones. 3bk-3bl 
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A typical procedure for the preparation of 3bk: To a solution of 2-(3-bromophenyl)acetonitrile 2b (0.2 

mmol) in dry DMF (1 mL) was added t-BuOK (23 mg, 0.2 mmol) at room temperature under nitrogen 

atmosphere. After stirring for 5 min, compound 1k (52 mg, 0.2 mmol) was added and the resulting dark 

red solution was irradiated for 15 min at 150 °C (monitored by TLC). The mixture was extracted with 

ethyl acetate (10 mL×3). The combined organic layers were washed with brine( 10 mL), dried over 

anhydrous Na2SO4 , filtered and concentrated to give the crude product, which was further purified by 

column chromatography (petroleum ether/ethyl acetate 6:1) to afford compound 3bk as a yellow solid (67 

mg, 74%). 

1.3 General Procedure of Synthetic application for 3ae. 
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A typical procedure for the preparation of 4a: 3ae (66mg, 0.2 mmol) and benzaldehyde (22 mg, 0.2 

mmol) were suspended in methanol (10 mL) and refluxed in the presence of catalytic amounts of 

p-toluenesulfonic acid (4 mg, 10%) overnight. After the reaction mixture was filtered and washed with 

cold methanol, 4a was obtained as a light-brown solid (72 mg, 85%). 

 

1. Pal, M.; Subramanian, V.; Parasuraman, K.; Yeleswarapu, K. R. Tetrahedron. 2003, 59, 9563. 
 

2. Characterization Data: 

2.1 3aa-af 

 

3-amino-2,4-diphenyl-9H-xanthen-9-one (3aa) 

Following the general procedure, from 50 mg (0.2 mmol) of 1a, 66 mg (90%) of 3aa as a white solid was 

obtained: m.p. 157-158 
o
C； 

1
H NMR (300 MHz, CDCl3) δ 8.31 (dd, J = 1.7, 8.0 Hz, 1H), 8.15 (s, 1H), 

7.4-7.6 (m, 11H), 7.31 (t, J = 7.0 Hz, 1H), 7.18 (d, J = 8.3 Hz 1H), 4.40 (s, 2H). 
13

C NMR (100 MHz, 

CDCl3) δ: 176.3, 156.0, 154.2, 148.0, 137.9, 133.6, 133.1, 130.7, 129.3, 129.2, 129.1, 128.1, 127.9, 127.6, 

126.4, 125.1, 123.5, 121.8, 117.7, 113.3, 112.9. HRMS [M]
+ 

Calculated for
 
C25H17NO2 363.1259, found 
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363.1264. 

 

3-amino-2-(3-bromophenyl)-4-phenyl-9H-xanthen-9-one (3ab) 

Following the general procedure, from 50 mg (0.2 mmol) of 1a, 84 mg (95%) of 3ab as a white solid was 

obtained: m.p. 147-148 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.31 (d, J = 7.7 Hz, 1H), 8.12 (s, 1H), 7 .70 (s, 

1H), 7.46-7.60 (m, 8H), 7.29-7.40 (m, 2H), 7.18 (d, J = 8.5 Hz, 1H), 4.36 (s, 2H); 
13

C NMR (100 MHz, 

CDCl3) δ: 176.2, 156.0, 154.4, 147.7, 140.0, 133.8, 132.8, 133.3, 131.0, 130.7, 130.6, 129.3, 128.3, 127.9, 

127.7, 126.4, 123.6, 123.5, 123.1, 121.7, 117.8, 113.4, 113.2; HRMS [M]
+ 

Calculated for
 
C25H16BrNO2 

441.0364, found 441.0377. 

 

3-amino-2-(4-nitrophenyl)-4-phenyl-9H-xanthen-9-one (3ac) 

Following the general procedure, from 50 mg (0.2 mmol) of 1a, 71 mg (87%) of 3ac as a light yellow 

solid was obtained: m.p. 282-283 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.37 (d, J = 8.8 Hz, 2H), 8.31 (d, J = 

7.9 Hz, 1H), 8.16 (s, 1H), 7.75 (d, J = 8.8 Hz, 2H ), 7.57-7.62 (m, 3H), 7.46-7.53 (m, 3H), 7.33 (t, J = 7.1 

Hz, 1H), 7.19 (d, J = 8.6 Hz, 1H), 7.14 (s, 1H), 4.35 (s, 1H); 
13

C NMR (100 MHz, CDCl3) δ 176.1, 156.0, 

157.4, 147.4, 147.3, 144.9, 134.0, 132.5, 130.6, 130.2, 129.4, 128.4, 127.9, 126.4, 124.3, 123.8, 122.6, 

121.6, 117.8, 113.8, 113.7; HRMS [M]
+ 

Calculated for
 
C25H16N2O4 408.1110, found 408.1114. 

  

3-amino-2-(4-methoxyphenyl)-4-phenyl-9H-xanthen-9-one (3ad) 

Following the general procedure, from 50 mg (0.2 mmol) of 1a, 55 mg (69%) of 3ad as a white solid was 

obtained: m.p. 218-219 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.30 (d, J = 8.0 Hz, 2H), 8.10 (s, 1H), 

7.50-7.59 (m, 3H), 7.49-7.41 (m, 5H), 7.29 (t, J = 8.1 Hz, 1H), 7.16 (d, J = 8.1 Hz, 1H), 6.99 (d, J = 8.8 

Hz, 2H) 4.41 (s, 1H), 3.84 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 176.3, 159.2, 156.0, 154.0, 148.2, 
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133.6, 133.1, 130.7, 130.4, 130.0, 129.2, 128.1, 127.4, 126.3, 124.8, 123.4, 121.7, 117.7, 114.4, 113.2, 

112.8; HRMS [M]
+ 

Calculated for
 
C26H19NO3 393.1365, found 393.1346. 

O

O

NH
2

O

NH
2

 

3-amino-9-oxo-4-phenyl-9H-xanthene-2-carboxamide (3ae) 

Following the general procedure, from 50 mg (0.2 mmol) of 1a, 57 mg (86%) of 3ae as a light brown 

solid was obtained: m.p. 274-275 
o
C; 

1
H NMR (300 MHz, d6-DMSO) δ 8.53 (s, 1H), 8.34 (s, 1H), 8.13 (d, 

J = 8.0 Hz, 1H), 7.68 (t, J = 8.0 Hz, 3H), 7.59 (t, J = 7.4 Hz, 2H), 7.50 (t, J = 7.4 Hz, 1H), 7.36-7.45 (m, 

4H), 7.15 (d, J = 8.3 Hz, 1H), 6.90 (s, 2H); 
13

C NMR (100 MHz, d6-DMSO) δ 174.5, 170.5, 155.3, 154.9, 

152.6, 134.7, 132.0, 130.7, 129.2, 128.1, 127.9, 125.8, 124.1, 121.0, 117.6, 113.3, 112.7, 110.4; HRMS 

[M]
+ 

Calculated for C20H14N2O3 330.1004, found 330.1008.  

 

3-amino-9-oxo-4-phenyl-9H-xanthene-2-carbonitrile (3af) 

Following the general procedure, from 50 mg (0.2 mmol) of 1a, 55 mg (88%) of 3af as a light yellow 

solid was obtained: m.p. 238-239 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.53 (s, 1H), 8.27 (d, J = 8.1 Hz, 1H), 

7.57-7.63 (m, 3H), 7.53 (t, J = 7.4 Hz, 1H), 7.40-7.42 (m, 2H), 7.34 (t, J = 8.0 Hz, 1H), 7.16 (d, J = 8.0 

Hz, 1H), 4.89 (s, 2H); 
13

C NMR (100 MHz, CDCl3) δ 175.1, 156.4, 155.8, 151.1, 134.7, 132.7, 130.9, 

129.6, 128.9, 126.6, 124.4, 121.2, 117.9, 116.5, 113.9, 113.7, 94.5; HRMS [M]
+ 

Calculated for
 

C20H12N2O2 312.0899, found 312.0898. 

 

2.2 3bb-bj 

 

3-amino-2-(3-bromophenyl)-4-(4-(trifluoromethyl) phenyl)-9H-xanthen-9-one (3bb) 
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Following the general procedure, from 63 mg (0.2 mmol) of 1b, 92 mg (90%) of 3bb as a white solid was 

obtained: m.p. 189-190 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.31 (dd, J = 1.4 , 8.2 Hz, 1H), 8.14 (s, 1H), 

7.85 (d, J = 7.9 Hz, 2H), 7.69 (s, 1H), 7.63 (d, J = 7.9 Hz, 2H), 7.54-7.60 (m, 2H), 7.43-7.49 (m, 1H), 

7.39 (t, J = 8.1 Hz, 1H), 7.33 (t, J = 8.1 Hz, 1H), 7.18 (d, J = 8.5 Hz, 1H), 4.33 (s, 2H); 
13

C NMR (100 

MHz, CDCl3) δ 176.0, 155.9, 154.2, 147.4, 139.6, 136.9, 134.0, 132.3, 131.3, 131.2, 130.7, 130.6, 128.3, 

127.9, 126.4, 126.3, 126.2, 123.8, 123.7, 123.2, 121.7, 117.7, 113.4, 111.7; HRMS [M]
+ 

Calculated for 

C26H15BrF3NO2 509.0238, found 509.0233. 

O

O

NH2

Br

OMe  

3-amino-2-(3-bromophenyl)-4-(4-methoxyphenyl)-9H-xanthen-9-one (3bc) 

Following the general procedure, from 56 mg (0.2 mmol) of 1c, 81 mg (86%) of 3bc as a white solid was 

obtained: m.p. 233-234 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.31 (d, J = 8.3 Hz, 1H), 8.10 (s, 1H), 7.70 (s, 

1H), 7.51-7.62 (m, 2H), 7.47 (d, J = 7.6 Hz, 1H), 7.35-7.42 (m, 3H), 7.31 (t, J = 8.0 Hz, 1H), 7.21 (d, J = 

8.0 Hz, 1H), 7.11 (d, J = 8.5 Hz, 2H), 4.37 (s, 2H), 3.92 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 176.3, 

159.4, 156.0, 154.5, 148.0, 140.0, 133.7, 132.3, 131.8, 130.9, 130.6, 127.9, 127.5, 126.4, 124.6, 123.5, 

123.4, 123.1, 121.7, 117.8, 114.7, 113.4, 112.9, 55.3; HRMS [M]
+ 

Calculated for C26H18BrNO3 471.0470, 

found 471.0474. 

O

O

NH2

Br

CN  

4-(3-amino-2-(3-bromophenyl)-9-oxo-9H-xanthen-4-yl) butanenitrile (3bd) 

Following the general procedure, from 48 mg (0.2 mmol) of 1d, 72 mg (83%) of 3bd as a white solid  

was obtained: m.p. 150-151 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.32 (dd, J = 1.6, 7.8 Hz, 1H), 8.02 (s, 1H), 

7.70 (td, J = 7.0 , 1.8 Hz, 1H), 7.53-7.65 (m, 3H), 7.33-7.43 (m, 3H), 4.47 (s, 2H), 3.09 (t, J = 7.2 Hz, 2H), 

2.49 (t, J = 7.0 Hz, 1H), 2.08 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ 176.1, 155.8, 155.1, 147.7, 139.8, 

134.1, 132.2, 131.0 130.6, 127.9, 126.8, 123.8, 123.1, 121.5, 119.8, 117.7, 113.3, 109.0, 23.6, 22.5, 17.0; 

HRMS [M]
+ 

Calculated for C23H17BrN2O2 432.0473, found 432.0491. 
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O

O

NH2

Br

 

3-amino-2-(3-bromophenyl)-4-pentyl-9H-xanthen-9-one (3be) 

Following the general procedure, from 49 mg (0.2 mmol) of 1e, 81 mg (92%) of 3be as a white solid  

was obtained: m.p. 140-141 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.32 (dd, J = 1.6 , 8.1 Hz, 1H), 7.98 (s, 

1H), 7.64-7.72 (m, 2H), 7.54 (dt, J = 1.7 , 7.7 Hz, 1H), 7.49 (d, J = 7.7 Hz, 1H), 7.42 (dt, J = 1.7 , 7.7 Hz, 

1H), 7.35 (t, J = 7.7 Hz, 1H), 4.41 (s, 2H), 2.87 (t, J = 7.9 Hz, 2H), 1.61-1.75 (m, 2H), 1.37-1.53 (m, 4H), 

0.94 (t, J = 7.3 Hz, 3H); 
13

C NMR (100 MHz, CDCl3) δ 176.4, 156.0, 155.0, 147.5, 140.2, 133.8, 132.3, 

130.8 130.5, 128.0, 126.5, 126.0, 123.7, 123.5, 123.0, 121.7, 117.6, 113.4, 112.1, 31.9, 27.4, 23.9, 22.5, 

14.0; HRMS [M]
+ 

Calculated for C24H22BrNO2 435.0834, found 435.0833. 

 

3-amino-2-(3-bromophenyl)-4-(tert-butyl)-9H-xanthen-9-one (3bf) 

Following the general procedure, from 46 mg (0.2 mmol) of 1f, 55 mg (65%) of 3bf as a white solid  

was obtained: m.p. 135-136 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.30 (dd, J = 1.8 , 8.1 Hz, 1H), 7.97 (s, 

1H), 7.68 (td, J = 7.4 , 1.7 Hz, 1H), 7.61 (s, 1H), 7.54 (dt, J = 7.4 , 1.7 Hz, 1H), 7.47 (d, J = 8.1 Hz, 1H), 

7.30-7.40 (m, 3H), 4.78 (s, 2H), 1.76 (s, 9H); 
13

C NMR (100 MHz, CDCl3) δ 176.3, 156.3, 155.4, 148.6, 

140.6, 133.8, 132.8, 130.9 130.5, 128.5, 126.5, 126.2, 125.8, 123.5, 123.0, 121.2, 117.3, 116.9, 114.0, 

36.6, 32.0; HRMS [M]
+ 

Calculated for C23H20BrNO2Na 444.0575, found 444.0564. 

 

3-amino-2-(3-bromophenyl)-7-methyl-4-phenyl-9H-xanthen-9-one (3bg) 

Following the general procedure, from 53 mg (0.2 mmol) of 1g, 88 mg (96%) of 3bg as a white solid  

was obtained: m.p. 184-185 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.14 (s, 1H), 8.11 (s, 1H), 7.72 (s, 1H), 

7.46-7.63 (m, 7H), 7.35-7.43 (m, 2H), 7.11 (d, J = 8.5 Hz, 1H), 4.34 (s, 1H), 2.43 (s, 3H); 
13

C NMR (100 

MHz, CDCl3) δ 176.3, 154.4, 154.2, 147.5, 140.0, 135.0, 133.3, 132.9, 132.3, 130.9, 130.7, 130.6, 129.3, 
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128.2, 127.9, 127.7, 125.8, 123.4, 123.1, 121.3, 117.5, 113.4, 113.1, 20.8; HRMS [M]
+ 

Calculated for 

C26H18BrNO2 455.0521, found 455.0531. 

 

3-amino-2-(3-bromophenyl)-7-methoxy-4-phenyl-9H-xanthen-9-one (3bh) 

Following the general procedure, from 56 mg (0.2 mmol) of 1h, 87 mg (92%) of 3bh as a white solid  

was obtained: m.p. 166-167 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.12 (s, 1H), 7.67-7.72 (m, 2H), 7.52-7.62 

(m, 3H), 7.43-7.52 (m, 4H), 7.37 (t, J = 7.7 Hz, 1H), 7.16 (s, 1H), 7.15 (d, J = 7.7 Hz, 1H), 4.34 (s, 1H), 

3.90 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 176.0, 155.7, 154.3, 150.7, 147.5, 140.0, 132.8, 132.3, 130.9, 

130.7, 130.6, 129.2, 128.2, 127.9, 127.6, 123.6, 123.1, 121.9, 119.2, 113.0, 112.9, 105.6, 55.8; HRMS 

[M]
+ 

Calculated for C26H18BrNO3 471.0470, found 471.0480. 

 

3-amino-2-(3-bromophenyl)-7-chloro-4-phenyl-9H-xanthen-9-one (3bi) 

Following the general procedure, from 57 mg (0.2 mmol) of 1i, 89 mg (94%) of 3bi as a white solid  

was obtained: m.p. 195-196 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.27 (d, J = 2.7 Hz, 1H), 8.10 (s, 1H), 

7.67-7.70 (m, 1H), 7.42-7.62 (m, 8H), 7.37 (t, J = 8.0 Hz, 1H), 7.14 (d, J = 8.8 Hz, 1H), 4.40 (s, 1H); 
13

C 

NMR (100 MHz, CDCl3) δ 175.0, 154.3, 154.2, 148.1, 139.7, 133.8, 132.5, 132.2, 131.1, 130.7, 130.6, 

129.4, 129.3, 128.4, 127.9, 127.7, 125.7, 123.8, 122.6, 119.5, 113.2, 112.9; HRMS [M]
+ 

Calculated for 

C25H15BrClNO2 474.9975, found 474.9974. 

 

3-amino-2-(3-bromophenyl)-7-nitro-4-phenyl-9H-xanthen-9-one (3bj) 

Following the general procedure, from 60 mg (0.2 mmol) of 1j, 64 mg (66%) of 3bj as a yellow solid was 

obtained: m.p. 266-267 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 9.19 (d, J = 2.7 Hz, 1H), 8.40 (dd, J = 2.7 , 8.9 

Hz, 1H), 8.12 (s, 1H), 7.67-7.70 (m, 1H), 7.50-7.64 (m, 3H), 7.43-7.49 (m, 4H), 7.37 (t, J = 7.7 Hz, 1H), 
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7.30 (d, J = 9.2 Hz, 1H), 4.50 (s, 2H); 
13

C NMR (100 MHz, d6-DMSO) δ 173.0, 158.5, 153.5, 149.9, 

143.0, 139.8, 131.9, 131.6, 131.2, 130.8, 130.6, 129.3, 128.4, 128.3, 128.1, 126.9, 123.9, 122.3, 121.6, 

120.9, 119.7, 112.4, 110.9; HRMS [M]
+ 

Calculated for C25H15BrN2O4 486.0215, found 486.0217. 

 

3-amino-2-(3-bromophenyl)-1-methyl-4-phenyl-9H-xanthen-9-one (3bk) 

Following the general procedure, from 52 mg (0.2 mmol) of 1k, 67 mg (74%) of 3bk as a yellow solid  

was obtained: m.p. 165-166 °C; 
1
H NMR (300 MHz, CDCl3) δ 8.25 (dd, J = 1.4, 8.0 Hz, 1H), 7.4-7.6 (m, 

9H), 7.29 (d, J = 8.0 Hz, 1H), 7.24 (d, J = 7.8 Hz 1H), 7.09 (d, J = 7.8 Hz 1H), 3.97 (s, 2H), 2.64 (s, 3H);
 

13
C NMR (100 MHz, CDCl3) δ 178.0, 155.5, 154.9, 147.4, 140.3, 139.6, 133.4, 133.3, 131.1, 130.8, 130.4, 

129.5, 129.2, 129.1, 128.0, 127.9, 126.5, 123.8, 123.5, 123.4, 122.9, 117.1, 20.4; HRMS [M]
+
 Calculated 

for C26H18BrNO2 455.0521, found 455.0511. 

O

O

NH2

Br

CN  

4-(3-amino-2-(3-bromophenyl)-1-methyl-9-oxo-9H-xanthen-4-yl)butanenitrile (3bl) 

Following the general procedure, from 53 mg (0.2 mmol) of 1l, 54 mg (60%) of 3bl as a white solid  

was obtained: m.p. 143-144 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 8.26 (dd, J = 7.8 , 1.5 Hz, 1H), 7.66 (td, J 

= 8.3 , 1.5 Hz, 1H), 7.59 (d, J = 8.3 Hz, 1H), 7.52 (d, J = 8.2 Hz, 1H), 7.37-7.44 (m, 2 H), 7.34 (t, J = 7.2 

Hz, 1H), 7.18 (d, J = 7.7 Hz, 1H), 4.10 (s, 2H), 3.03 (t, J = 7.4 Hz, 1H), 2.57 (s, 3H), 2.47 (t, J = 6.7 Hz, 

1H), 2.04 (q, J = 7.0 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ 177.9, 156.2, 154.7, 147.4, 139.5, 139.4, 

133.6, 133.3, 131.2, 131.1, 129.1, 126.6, 124.1, 123.7, 123.5, 122.8, 119.8, 117.0, 112.2, 106.9, 23.8, 22.7, 

20.2, 17.0; HRMS [M]
+ 

Calculated for
 
C24H19BrN2O2 446.0630, found 446.0638. 
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4a-4e 

 

2, 12-diphenyl-2, 3-dihydro-1H-chromeno [3, 2-g] quinazoline-4, 6-dione (4a) 

Following the general procedure, from 66 mg (0.2 mmol) of 3ae, 71 mg (85%) of 4a as a light-brown 

solid was obtained: m.p. 257-258 
o
C;

 1
H NMR (300 MHz, CDCl3) δ 9.02 (s, 1H), 8.29 (d, J = 8.0 Hz, 1H), 

7.3-7.7 (m, 12H), 7.15 (d, J = 8.3 Hz, 1H), 6.24 (s, 1H), 5.93 (s, 1H) 4.89 (s, 1H); 
13

C NMR (100 MHz, 

d6-DMSO) δ 174.7, 161.7, 155.9, 155.3, 149.0, 142.7, 134.8, 131.1, 130.9, 130.2, 129.2, 128.5, 128.3, 

128.1, 126.7, 125.8, 125.7, 124.3, 120.9, 117.7, 112.9, 112.6, 112.4, 65.2; HRMS [M]
+
 Calculated for 

C27H18N2O3 418.1317, found 418.1324. 

 

2-(4-methoxyphenyl)-12-phenyl-2,3-dihydro-1H-chromeno[3,2-g]quinazoline-4,6-dione (4b) 

Following the general procedure, from 66 mg (0.2 mmol) of 3ae, 71 mg (79%) of 4b as a white solid was 

obtained: m.p. 278-279 
o
C; 

1
H NMR (300 MHz, CDCl3) δ 9.03 (s, 1H), 8.30 (d, J = 7.7 Hz, 1H), 

7.28-7.63 (m, 9H), 7.15 (d, J = 8.5 Hz, 1H), 6.92 (d, J = 8.3 Hz, 2H), 6.06 (s, 1H), 5.88 (s, 1H), 4.83 (s, 

1H), 3.81 (s, 3H); 
13

C NMR (100 MHz, d5-Pyridine) δ 175.8, 163.4, 160.5, 156.8, 150.6, 134.4, 134.1, 

132.4, 131.5, 130.8, 129.5, 128.6, 128.5, 128.3, 126.5, 124.2, 122.1, 118.1, 114.4, 114.3, 114.2, 113.7, 

67.7, 55.2; HRMS [M]
+ 

Calculated for
 
C28H20N2O4 448.1423, found 448.1408. 

 

12-phenyl-2-(4-(trifluoromethyl)phenyl)-2,3-dihydro-1H-chromeno[3,2-g]quinazoline-4,6-dione (4c) 

Following the general procedure, from 66 mg (0.2 mmol) of 3ae, 69 mg (71%) of 4c as a white solid was 

obtained: m.p. 263-264 
o
C; 

1
H NMR (300 MHz, d6-DMSO) δ 8.94 (d, J = 3.4 Hz, 1H), 8.55 (s, 1 H), 8.09 

(dd, J =7.9 , 1.5 Hz, 1H), 7.73 (d, J = 8.5 Hz, 2H), 7.67 (td, J = 7.8 , 1.8 Hz, 1H), 7.37-7.63 (m, 8H), 7.17 

(d, J = 3.4 Hz, 1H), 7.13 (d, J = 8.2 Hz, 1H), 5.82 (s, 1H); 
13

C NMR (100 MHz, d6-DMSO) δ: 174.7, 
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161.6, 155.3, 148.8, 147.1, 134.9, 131.1, 129.3, 128.4, 126.8, 126.7, 125.8, 125.6, 124.3, 120.8, 117.7, 

112.9, 112.8, 112.6, 64.7; HRMS [M]
+ 

Calculated for
 
C28H17F3N2O3 486.1191, found 486.1192. 

O

O

NH

O

N
H

 

2-butyl-12-phenyl-2,3-dihydro-1H-chromeno[3,2-g]quinazoline-4,6-dione (4d) 

Following the general procedure, from 66 mg (0.2 mmol) of 3ae, 60 mg (75%) of 4d as a white solid was 

obtained: m.p. 212-213 
o
C; 

1
H NMR (300 MHz, d6-DMSO) δ 8.54 (s, 1H), 8.41 (d, J = 2.5 Hz, 1H), 8.11 

(dd, J = 8.0 , 1.8 Hz, 1H), 7.69 (td, J = 8.5 , 1.8 Hz, 1H), 7.60 (t, J = 8.0 Hz, 2H), 7.47-7.55 (m, 2H), 

7.36-7.46 (m, 2H), 7.15 (d, J = 8.5 Hz, 1H), 6.42 (s, 1H), 4.68 (m, 1H), 1.58-1.63 (m, 2H), 1.19-1.32 (m, 

4H), 0.82 (t, J = 6.9 Hz, 3H); 
13

C NMR (100 MHz, d6-DMSO) δ: 174.7, 161.6, 155.8, 155.3, 149.5, 134.8, 

131.3, 129.2, 128.4, 128.3, 128.2, 126.6, 125.8, 124.2, 120.9, 117.7, 112.7, 112.3, 112.0, 64.0, 36.8, 25.4, 

21.8, 13.9; HRMS [M]
+ 

Calculated for
 
C25H22N2O3 398.1630, found 398.1623. 

 

2-(furan-3-yl)-12-phenyl-2,3-dihydro-1H-chromeno[3,2-g]quinazoline-4,6-dione (4e) 

Following the general procedure, from 66 mg (0.2 mmol) of 3ae, 68 mg (83%) of 4e as a light-pink solid 

was obtained: m.p. 233-234 
o
C; 

1
H NMR (300 MHz, d6-DMSO) δ 8.74 (d, J = 3.8 Hz, 1H), 8.56 (s, 1H), 

8.09 (d, J = 7.9 Hz, 1H), 7.67 (t, J = 7.9 Hz, 1H), 7.31-7.62 (m, 8 H), 7.13 (d, J = 8.5 Hz, 1H), 6.86 (d, J 

= 2.6 Hz, 1H), 6.41 (s, 1H), 5.66 (s, 1H); 
13

C NMR (100 MHz, d6-DMSO) δ: 174.8, 162.0, 155.9, 155.3, 

149.0, 144.0, 139.8, 134.9, 131.2, 130.8, 130.3, 129.3, 128.3, 126.7, 125.8, 124.3, 120.9, 117.7, 113.2, 

113.1, 112.5, 108.9, 59.2; HRMS [M]
+ 

Calculated for
 
C25H16N2O4 408.1110, found 408.11120. 
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3. 1H NMR and 13C NMR spectra 
3aa 

  
8

.3
2

4

  
8

.3
1

9

  
8

.2
9

8

  
8

.2
9

3

  
8

.1
4

5

  
7

.6
0

4

  
7

.5
8

9

  
7

.5
7

7

  
7

.5
7

2

  
7

.5
6

6

  
7

.5
6

2

  
7

.5
5

5

  
7

.5
5

4

  
7

.5
4

8

  
7

.5
4

3

  
7

.5
3

8

  
7

.5
1

8

  
7

.5
1

3

  
7

.5
0

5

  
7

.4
9

0

  
7

.4
8

0

  
7

.4
7

5

  
7

.4
6

3

  
7

.4
2

9

  
7

.3
3

2

  
7

.3
0

8

  
7

.3
0

5

  
7

.2
5

8

  
7

.1
9

8

  
7

.1
7

1

  
4

.3
9

9

  
1

.5
7

1

 -
0

.0
0

4

 -
0

.0
1

1

 -
0

.0
1

3

 0.92

 0.93

 1.00

 1.02

10.78

 1.79

10 8 6 4 2 PPM

O

O

NH2

 



S13 

 

3ab 
  
8

.3
1

8

  
8

.2
9

2

  
8

.1
1

7

  
7

.7
0

2

  
7

.6
0

3

  
7

.5
9

7

  
7

.5
7

9

  
7

.5
5

7

  
7

.5
3

4

  
7

.5
1

1

  
7

.4
8

7

  
7

.4
6

1

  
7

.3
8

9

  
7

.3
6

3

  
7

.3
3

8

  
7

.3
1

2

  
7

.2
8

9

  
7

.2
5

9

  
7

.1
9

8

  
7

.1
7

0

  
4

.3
6

4

  
1

.5
6

3

 -
0

.0
0

2

 1.00

 2.15

 7.93

 0.92

 0.92

 0.88  1.88

9 8 7 6 5 4 3 2 1 PPM

O

O

NH2

Br

 



S14 

 

3ac 
  
8

.3
8

0

  
8

.3
5

0

  
8

.3
2

0

  
8

.2
9

3

  
8

.1
6

0

  
7

.7
6

8

  
7

.7
3

8

  
7

.6
2

3

  
7

.5
9

9

  
7

.5
9

6

  
7

.5
7

6

  
7

.5
7

3

  
7

.5
7

1

  
7

.5
0

9

  
7

.4
9

6

  
7

.4
9

1

  
7

.4
6

9

  
7

.3
3

2

  
7

.3
3

0

  
7

.2
6

0

  
7

.2
5

7

  
7

.2
1

0

  
7

.1
8

1

  
4

.3
4

5

  
1

.5
5

8

 -
0

.0
0

2

 -
0

.0
0

5

 1.84 2.03

 0.98

 1.02

 1.00

 1.15
 3.05

 3.09

 2.02

8 6 4 2 0 PPM

O

O

NH2

NO2

 



S15 

 

3ad 

  
8

.3
0

9

  
8

.3
0

4

  
8

.2
8

3

  
8

.2
7

7

  
8

.1
0

5

  
8

.0
9

7

  
7

.5
8

5

  
7

.5
7

5

  
7

.5
6

9

  
7

.5
6

0

  
7

.5
5

7

  
7

.5
5

0

  
7

.5
4

5

  
7

.5
4

1

  
7

.5
3

6

  
7

.5
2

4

  
7

.5
1

7

  
7

.4
8

6

  
7

.4
7

8

  
7

.4
6

8

  
7

.4
6

3

  
7

.4
5

1

  
7

.4
3

9

  
7

.4
3

2

  
7

.4
1

7

  
7

.4
1

0

  
7

.4
0

1

  
7

.3
1

3

  
7

.2
8

9

  
7

.2
8

6

  
7

.2
5

8

  
7

.1
8

2

  
7

.1
8

1

  
7

.1
5

2

  
7

.0
0

8

  
7

.0
0

0

  
6

.9
8

5

  
6

.9
7

9

  
6

.9
7

0

  
4

.4
0

9

  
3

.8
3

8

  
3

.8
2

9

 1.00 1.00

 5.06

 2.00

 1.09

 1.19
 3.16

 2.02
 3.16

10 8 6 4 2 0 PPM

O

O

NH2

O

 



S16 

 

3ae 

  
8

.5
1

7

  
8

.3
3

1

  
8

.3
2

8

  
8

.3
2

6

  
8

.3
2

1

  
8

.1
1

8

  
8

.1
1

3

  
8

.0
9

2

  
8

.0
8

8

  
7

.6
7

7

  
7

.6
7

3

  
7

.6
4

9

  
7

.6
2

6

  
7

.6
2

1

  
7

.5
9

3

  
7

.5
7

0

  
7

.5
4

4

  
7

.4
9

9

  
7

.4
7

6

  
7

.4
6

7

  
7

.4
5

1

  
7

.4
4

0

  
7

.4
1

2

  
7

.4
0

8

  
7

.3
8

4

  
7

.3
5

6

  
7

.3
3

2

  
7

.1
2

5

  
7

.0
9

8

  
6

.8
8

6

  
6

.8
8

2

  
6

.8
8

0

  
5

.7
2

4

  
3

.3
2

3

  
2

.4
8

6

  
2

.4
8

1

  
2

.4
7

5

 -
0

.0
3

6

 1.00  1.71 1.01

 0.96

 1.00  1.04

 2.08

 1.17

 3.89

8 6 4 2 0 PPM

O

O

NH2

O

NH2

 



S17 

 

3af 

  
8

.5
2

5

  
8

.2
8

7

  
8

.2
8

0

  
8

.2
6

1

  
8

.2
5

5

  
7

.6
3

2

  
7

.6
2

6

  
7

.6
2

2

  
7

.6
0

0

  
7

.5
9

4

  
7

.5
8

0

  
7

.5
7

4

  
7

.5
5

2

  
7

.5
4

8

  
7

.5
4

2

  
7

.5
2

3

  
7

.4
2

6

  
7

.4
2

0

  
7

.4
0

3

  
7

.3
9

9

  
7

.3
9

5

  
7

.3
7

0

  
7

.3
6

6

  
7

.3
4

3

  
7

.3
2

0

  
7

.3
1

7

  
7

.2
5

7

  
7

.1
7

9

  
7

.1
5

2

  
4

.8
9

2

  
1

.5
5

9

 -
0

.0
0

5

 0.93

 2.00
 1.00

 4.09

 1.01 0.64

 2.17

8 6 4 2 0 PPM

O

O

CN

NH2

 



S18 

 

3bb 

  8
.3

2
2

  8
.2

9
9

  8
.2

9
5

  8
.1

4
0

  7
.8

6
5

  7
.8

3
9

  7
.6

9
6

  7
.6

9
0

  7
.6

8
3

  7
.6

5
0

  7
.6

2
2

  7
.5

9
3

  7
.5

8
7

  7
.5

7
9

  7
.5

7
0

  7
.5

6
4

  7
.5

5
3

  7
.4

7
1

  7
.4

5
0

  7
.4

4
6

  7
.4

0
2

  7
.3

7
5

  7
.3

5
7

  7
.3

3
4

  7
.2

5
8

  7
.2

0
3

  7
.1

7
5

  4
.3

2
7

  1
.5

4
8

 -
0

.0
0

2

 0.88
 2.00

 0.79  0.84

 2.12

 1.99

 1.18

 0.97

 1.01
 1.08

 2.00

8 6 4 2 0 PPM

O

O

N H2

Br

CF3

 



S19 

 

3bc 
  
8

.3
2

0

  
8

.2
9

2

  
8

.1
0

0

  
7

.6
9

8

  
7

.6
0

2

  
7

.5
7

6

  
7

.5
5

4

  
7

.5
3

1

  
7

.4
7

7

  
7

.4
5

2

  
7

.4
0

8

  
7

.3
8

1

  
7

.3
7

1

  
7

.3
6

2

  
7

.3
3

7

  
7

.3
1

3

  
7

.2
8

7

  
7

.2
5

9

  
7

.2
2

2

  
7

.1
9

6

  
7

.1
2

2

  
7

.0
9

3

  
4

.3
7

1

  
3

.9
2

0

  
1

.5
4

6

 -
0

.0
0

3

 0.82
 1.98

 3.00

 0.70

 1.99

 0.97

 1.01

 2.72
 1.89

 0.98

 0.78

10 8 6 4 2 PPM

O

O

N H2

Br

OMe

 



S20 

 

3bd 
  
8

.3
3

5

  
8

.3
3

0

  
8

.3
0

9

  
8

.3
0

4

  
8

.0
1

7

  
7

.7
0

9

  
7

.7
0

3

  
7

.6
9

8

  
7

.6
8

0

  
7

.6
7

5

  
7

.6
3

8

  
7

.6
3

3

  
7

.6
2

7

  
7

.6
0

2

  
7

.6
0

0

  
7

.5
7

1

  
7

.5
6

5

  
7

.5
5

3

  
7

.5
4

7

  
7

.5
4

1

  
7

.4
0

0

  
7

.3
9

4

  
7

.3
8

8

  
7

.3
7

8

  
7

.3
7

4

  
7

.3
7

1

  
7

.3
6

4

  
7

.3
5

1

  
7

.3
4

7

  
7

.2
5

8

  
4

.4
6

9

  
3

.1
1

0

  
3

.0
8

6

  
3

.0
6

2

  
2

.5
0

6

  
2

.4
8

5

  
2

.4
6

1

  
2

.1
0

2

  
2

.0
7

8

  
2

.0
5

6

  
1

.5
6

0

  
0

.0
0

8

 -
0

.0
0

3

 -
0

.0
1

4

 0.93  0.78  1.00

 0.80

 1.88  2.19 2.10  2.15
 3.01

 1.88

10 8 6 4 2 PPM

O

O

NH2

Br

CN

 



S21 

 

3be 
  
8

.3
3

8

  
8

.3
3

2

  
8

.3
1

1

  
8

.3
0

6

  
7

.9
7

9

  
7

.7
1

2

  
7

.7
0

5

  
7

.6
8

8

  
7

.6
8

2

  
7

.6
7

9

  
7

.6
6

0

  
7

.6
5

4

  
7

.6
5

1

  
7

.6
4

5

  
7

.5
5

9

  
7

.5
5

3

  
7

.5
3

2

  
7

.5
2

8

  
7

.5
2

1

  
7

.4
9

7

  
7

.4
7

2

  
7

.4
3

3

  
7

.4
1

1

  
7

.4
0

7

  
7

.4
0

3

  
7

.3
7

6

  
7

.3
5

2

  
7

.3
2

6

  
7

.2
5

9

  
4

.4
0

6

  
2

.8
9

3

  
2

.8
6

6

  
2

.8
4

1

  
1

.7
0

2

  
1

.6
7

9

  
1

.6
5

2

  
1

.5
6

8

  
1

.4
8

9

  
1

.4
7

4

  
1

.4
6

2

  
1

.4
4

9

  
1

.4
3

8

  
0

.9
6

5

  
0

.9
4

2

  
0

.9
1

7

 -
0

.0
0

4

 0.81  0.70

 0.96

 1.04

 2.00

 1.86  2.06  2.05
 3.00

 4.06

 1.83

 0.88

10 8 6 4 2 PPM

O

O

NH2

Br

 



S22 

 

3bf 

  
8

.3
1

2

  
8

.3
0

6

  
8

.2
8

5

  
8

.2
7

9

  
7

.9
6

9

  
7

.6
7

5

  
7

.6
1

2

  
7

.5
2

4

  
7

.4
8

8

  
7

.4
6

0

  
7

.3
7

2

  
7

.3
6

5

  
7

.3
4

7

  
7

.3
4

0

  
7

.2
5

8

  
4

.7
8

1

  
1

.7
8

0

  
1

.7
6

2

  
1

.6
0

3

  
1

.5
9

4

  
1

.5
9

2

 -
0

.0
0

3

 1.81

 9.00

 1.01  1.01  1.10

 1.01

 1.06

 1.31

 3.11

10 8 6 4 2 PPM

O

O

NH2

Br

 

 



S23 

 

3bg 

  
8

.1
1

4

  
8

.0
8

9

  
7

.7
0

1

  
7

.5
7

6

  
7

.5
5

2

  
7

.5
3

0

  
7

.5
2

6

  
7

.5
0

3

  
7

.4
8

6

  
7

.4
5

8

  
7

.3
9

8

  
7

.3
8

6

  
7

.3
7

1

  
7

.3
6

0

  
7

.2
5

8

  
7

.1
0

1

  
7

.0
7

2

  
4

.3
4

1

  
2

.4
3

3

  
1

.5
4

9

 -
0

.0
0

1

 0.89

 7.01

 1.01
 1.62

 3.00

 1.93 2.04

10 8 6 4 2 0PPM

O

O

NH2

Br

 



S24 

 

3bh 
  8

.1
1

8

  7
.7

1
0

  7
.7

0
4

  7
.6

9
8

  7
.6

8
6

  7
.5

8
0

  7
.5

7
4

  7
.5

7
0

  7
.5

6
7

  7
.5

6
3

  7
.5

6
0

  7
.5

5
7

  7
.5

5
2

  7
.5

5
0

  7
.5

4
1

  7
.5

3
7

  7
.5

3
1

  7
.5

0
2

  7
.4

8
3

  7
.4

7
9

  7
.4

6
3

  7
.4

5
8

  7
.4

5
3

  7
.3

9
0

  7
.3

6
5

  7
.2

5
9

  7
.2

4
9

  7
.1

6
8

  7
.1

5
7

  7
.1

4
0

  4
.3

4
2

  3
.9

0
2

  1
.5

5
0

 -
0

.0
0

1

 -
0

.0
1

3

 0.96
 1.87

 3.00
 4.03

 1.02
 1.99

 3.01

 1.97

10 8 6 4 2 0 PPM

O

O

NH2

Br
O

 



S25 

 

3bi 
  
8

.2
6

8

  
8

.2
5

9

  
8

.0
9

8

  
7

.6
9

0

  
7

.6
8

3

  
7

.5
8

2

  
7

.5
7

8

  
7

.5
6

2

  
7

.5
5

9

  
7

.5
4

3

  
7

.5
2

3

  
7

.5
1

6

  
7

.4
9

4

  
7

.4
8

5

  
7

.4
7

5

  
7

.4
6

9

  
7

.4
4

4

  
7

.3
9

3

  
7

.3
6

6

  
7

.2
5

9

  
7

.1
5

8

  
7

.1
2

8

  
4

.4
0

0

  
1

.5
4

6

 -
0

.0
0

3

 -
0

.0
1

1

 0.84  1.00
 1.93

 7.67

 1.07

 0.74

 0.61

9 8 7 6 5 4 3 2 1 0 PPM

O

O

NH2

Br
Cl

 



S26 

 

3bj 
  
9

.1
9

0

  
9

.1
8

1

  
8

.4
1

7

  
8

.4
0

7

  
8

.3
8

6

  
8

.3
7

7

  
8

.1
1

7

  
7

.6
8

7

  
7

.6
0

4

  
7

.5
9

8

  
7

.5
7

9

  
7

.5
7

6

  
7

.4
7

9

  
7

.4
7

4

  
7

.4
7

1

  
7

.4
5

0

  
7

.4
4

4

  
7

.4
0

8

  
7

.3
8

3

  
7

.3
2

1

  
7

.2
9

0

  
7

.2
5

9

  
7

.2
5

3

  
4

.4
9

6

  
1

.5
6

7

  
1

.5
6

3

  
1

.5
5

6

  
1

.5
5

4

  
1

.5
4

8

  
1

.5
4

6

 -
0

.0
0

4

 0.62  0.91  0.74  0.88

 3.86
 2.84

 1.00

 0.98

 1.99

10 8 6 4 2 0 PPM

O

O

NH2

Br
O2N

 

 



S27 

 

3bk 
  
8

.2
6

0

  
8

.2
5

5

  
8

.2
3

3

  
8

.2
2

8

  
7

.5
8

1

  
7

.5
7

1

  
7

.5
5

2

  
7

.5
4

5

  
7

.5
1

9

  
7

.4
9

4

  
7

.4
8

7

  
7

.4
7

8

  
7

.4
5

2

  
7

.4
2

7

  
7

.4
0

3

  
7

.3
7

6

  
7

.2
9

7

  
7

.2
7

1

  
7

.2
5

7

  
7

.2
3

1

  
7

.1
0

1

  
7

.0
7

2

  
3

.9
9

7

  
3

.9
7

2

  
2

.6
4

3

  
1

.5
8

5

 -
0

.0
0

4

 0.87

 0.85

 0.82
 2.03

 3.06

 1.00

 8.94

9 8 7 6 5 4 3 2 1 0 PPM

 

 
 

O

O

NH2

Br

O

O

NH2

Br



S28 

 

3bl 
  
8

.2
7

4

  
8

.2
6

8

  
8

.2
4

8

  
8

.2
4

3

  
7

.6
8

3

  
7

.6
7

8

  
7

.6
5

4

  
7

.6
3

2

  
7

.6
2

6

  
7

.5
9

8

  
7

.5
7

0

  
7

.5
3

4

  
7

.5
0

7

  
7

.4
3

2

  
7

.4
0

7

  
7

.3
8

1

  
7

.3
6

2

  
7

.3
5

9

  
7

.3
3

5

  
7

.3
1

2

  
7

.2
5

8

  
7

.1
9

3

  
7

.1
6

7

  
4

.1
0

1

  
3

.0
5

3

  
3

.0
2

9

  
3

.0
0

4

  
2

.5
6

9

  
2

.4
8

7

  
2

.4
6

5

  
2

.4
4

3

  
2

.0
8

7

  
2

.0
6

4

  
2

.0
4

1

  
2

.0
1

8

  
1

.9
9

4

  
1

.5
8

0

 -
0

.0
0

5

 0.85  1.08

 0.85

 0.98

 0.87

 3.00
 2.06 2.00  2.19 2.00

 1.78
 1.06

9 8 7 6 5 4 3 2 1 PPM

O

O

NH2

Br

CN

 
 

 
 

 

O

O

NH2

Br

CN



S29 

 

4a 
  
9

.0
2

2

  
8

.3
0

2

  
8

.2
7

6

  
7

.5
9

6

  
7

.5
7

3

  
7

.5
4

9

  
7

.5
2

4

  
7

.5
0

8

  
7

.4
8

9

  
7

.4
7

6

  
7

.4
5

1

  
7

.4
2

9

  
7

.3
7

8

  
7

.3
4

5

  
7

.3
1

8

  
7

.2
9

3

  
7

.2
5

8

  
7

.1
6

0

  
7

.1
3

2

  
6

.2
3

7

  
5

.9
3

1

  
4

.8
9

0

  
1

.6
5

0

 -
0

.0
0

4

12.07

 0.47  0.85

 1.00

 1.06  1.08  1.11

10 8 6 4 2 0PPM

O

O

NH

O

N
H

 
 

 
 

O

O

N
H

NH

O



S30 

 

4b 
  
9

.0
3

0

  
8

.3
0

7

  
8

.2
8

1

  
7

.6
0

0

  
7

.5
7

2

  
7

.5
4

6

  
7

.5
1

6

  
7

.4
8

7

  
7

.4
6

8

  
7

.4
4

4

  
7

.4
3

2

  
7

.4
0

4

  
7

.3
8

5

  
7

.3
5

9

  
7

.3
4

6

  
7

.3
2

0

  
7

.2
9

5

  
7

.2
5

8

  
7

.1
6

1

  
7

.1
3

2

  
6

.9
3

0

  
6

.9
0

1

  
6

.0
6

3

  
5

.8
8

2

  
4

.8
2

6

  
3

.8
1

0

  
1

.6
3

0

 -
0

.0
0

5

 0.82  0.91  1.00 1.03  1.03

 9.13

 0.45
 1.92

 3.08

10 8 6 4 2 0 PPM

O

O

NH

O

N
H

OMe

 
 

 
 

O

O

N
H

NH

O

OMe



S31 

 

4c 

  
8

.9
4

7

  
8

.9
3

5

  
8

.5
4

9

  
8

.1
0

0

  
8

.0
9

4

  
8

.0
7

3

  
8

.0
6

8

  
7

.7
4

7

  
7

.7
1

8

  
7

.6
9

6

  
7

.6
9

0

  
7

.6
6

7

  
7

.6
6

3

  
7

.6
4

4

  
7

.6
3

8

  
7

.6
0

7

  
7

.5
7

6

  
7

.5
4

8

  
7

.5
2

3

  
7

.5
1

9

  
7

.4
9

9

  
7

.4
7

4

  
7

.4
7

0

  
7

.3
9

3

  
7

.3
6

9

  
7

.3
4

2

  
7

.1
7

4

  
7

.1
6

2

  
7

.1
4

3

  
7

.1
1

5

  
5

.8
2

8

  
5

.8
1

7

  
5

.8
0

6

  
3

.3
3

4

  
2

.4
9

3

  
2

.4
8

8

  
2

.4
8

2

  
2

.4
7

7

  
2

.4
7

0

 0.68

 1.00

 0.99  0.96
 1.99

 1.12

 8.17

 0.98  0.99

10 8 6 4 2 PPM

 
 

 
 

O

O

N
H

NH

O

CF3

O

O

N
H

NH

O

CF3



S32 

 

 

4d 

  
8

.5
3

8

  
8

.4
1

5

  
8

.4
0

8

  
8

.1
2

1

  
8

.1
1

7

  
8

.1
0

1

  
8

.0
9

7

  
7

.7
1

0

  
7

.7
0

6

  
7

.6
9

2

  
7

.6
8

8

  
7

.6
7

1

  
7

.6
6

7

  
7

.6
1

6

  
7

.5
9

8

  
7

.5
7

8

  
7

.5
4

6

  
7

.5
4

3

  
7

.5
3

3

  
7

.5
1

5

  
7

.4
9

7

  
7

.4
5

6

  
7

.4
3

5

  
7

.4
1

1

  
7

.3
9

3

  
7

.3
7

4

  
7

.1
6

5

  
7

.1
4

3

  
6

.4
1

7

  
4

.6
9

5

  
4

.6
8

9

  
4

.6
8

1

  
3

.3
4

2

  
2

.5
0

4

  
2

.4
9

9

  
2

.4
9

4

  
1

.6
3

1

  
1

.6
1

8

  
1

.6
0

4

  
1

.5
8

4

  
1

.2
9

9

  
1

.2
8

2

  
1

.2
5

6

  
1

.2
4

4

  
1

.2
2

6

  
1

.2
1

0

  
1

.2
0

0

  
0

.8
5

7

  
0

.8
4

0

  
0

.8
2

5

  
0

.8
0

7

 0.54
 3.27 4.24

 2.10 0.96 0.91

 0.92

 0.87  0.98  0.89
 2.06  2.03

 2.04

9 8 7 6 5 4 3 2 1 PPM

O N
H

NH

O O

 

 
 

 

O

O

N
H

NH

O



S33 

 

 

4e 
  
8

.7
4

8

  
8

.7
3

5

  
8

.5
6

0

  
8

.0
9

9

  
8

.0
7

4

  
7

.6
8

9

  
7

.6
6

5

  
7

.6
4

1

  
7

.6
3

7

  
7

.6
1

1

  
7

.5
8

6

  
7

.5
7

2

  
7

.5
6

7

  
7

.5
6

3

  
7

.5
2

7

  
7

.5
2

3

  
7

.5
0

3

  
7

.4
5

1

  
7

.3
9

0

  
7

.3
6

7

  
7

.3
4

0

  
7

.1
4

1

  
7

.1
1

3

  
6

.8
6

4

  
6

.8
5

6

  
6

.4
0

8

  
6

.4
0

4

  
5

.6
7

5

  
5

.6
6

3

  
5

.6
5

2

  
3

.3
2

7

  
3

.3
2

3

  
2

.4
8

9

  
2

.4
8

3

  
2

.4
8

0

 1.00 0.79  0.99  0.97 1.00  1.01 1.02

 8.05

 1.05

10 8 6 4 2 PPM

 

 
 

 

O

O

N
H

NH

O

O

O

O

N
H

NH

O

O


